The economic benefits of genetically modified (GM) crops in developing countries have now been well documented. However, little research has been undertaken to date on the impacts of GM adoption on household livelihoods, in particular to address the questions of how do people benefit from adoption and what difference does adoption make to people's lives. The research reported here aimed to assess the livelihood impacts of the adoption of Bt cotton in South Africa. The study involved 100 interviews of resource-poor farmers in Makhathini Flats, South Africa. Only Bt cotton adopters were interviewed. Farmers were asked to report on their experiences of growing Bt cotton during the 2003/04 and 2004/05 seasons in terms of input use and costs, yields and revenue from cotton and the benefits (if any) accruing from growing Bt to them and their household. Some 82% of growers identified drought as the main problem to cotton growing in the area and not insect attack. Nonetheless 88% reported a higher income from Bt compared to non-Bt varieties previously grown by them, and this higher income was used for a number of purposes but primarily for greater education of their children (76%) (backed up by reports that school attendance had increased since Bt adoption, except in the harvest period), more investment in growing cotton (46%), repaying debt (28%), investment in other crops (20%) and spending money on themselves. With the time saved from not spraying the Bt cotton crop as much as a conventional crop, most used the time to spend on other farm activities or to spend time with their families. Some 89% had increased their asset base due to Bt cotton, primarily by increasing their cultivable land. These benefits of Bt adoption appeared widespread regardless of gender or farm size.
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Introduction
The economic benefits of genetically modified (GM) crops, particularly Bt cotton, for resource-poor farmers and their families in developing countries are well documented. Smale et al. (2006) provide a review of methods and findings of 47 peer-reviewed 'Bt cotton' papers published since 1996 which suggest that economic benefits are promising even if the evidence for a sustained impact is not yet readily apparent. Studies conducted in South Africa (Ismael et al., 2002a (Ismael et al., , 2002b Bennett et al, 2003 Bennett et al, , 2006 Thirtle et al., 2003) , India (Morse et al., 2005; Qaim and Zilberman, 2003) , China (Huang et al., , 2003 Pray et al., 2002) and Mexico (Traxler et al., 2001) have shown that adopters of Bt cotton enjoyed increases in yields, reduction in insecticide use and increases in gross margin. Antagonists of GM technology continue to argue that it could well be harming those who choose to grow GM crops over the longer term (Mayer, 2003) , and most of the studies on GM crops tend to focus on economic costs and benefits at farm level, without considering what impact this has on household livelihoods. In essence, proving a higher gross margin for GM is one thing but does this translate into an enhanced livelihood and can this be sustained? These are complex questions which will no doubt increasingly feature in GM crop studies in coming years. This paper reports some findings of a research project designed to deal with the first of these two questions: do farmers who adopt GM and who gain extra income transform this into real benefits for their livelihoods?
The study reported here assessed the impacts of Bt cotton (engineered for resistance to insects such as bollworm; Wilkins et al., 2000) in terms of household livelihoods for small, resource-poor farmers in South Africa. Livelihood is defined as: "A livelihood comprises the capabilities, assets and activities required for a means of living. A livelihood is sustainable when it can cope with and recover from stresses and shocks and maintain or enhance its capabilities and assets both now and in the future, while not undermining the natural resource base." Carney (1998) Sustainable Livelihood Analysis (SLA) has become a well-established field of study which explores the capital (physical, human, financial and otherwise) that communities have available to them, how these are contributing to livelihood and how vulnerable they are to 'shocks' and 'stresses' (Carney, 1998 (Carney, , 2002 Scoones, 1998; Toner, 2003) . Cotton production, for example, may be a source of livelihood that depends on having the necessary capital (land, labour, finance) but which is also potentially vulnerable to shocks (pest/disease attack, drought, fluctuation in market price). It is generally assumed that sustainability is achieved through having a wide range of livelihood options (large range of assets) and/or having capital which is less vulnerable to shocks (Castro, 2002) . Hence the aim of an SLA-based intervention is usually to explore what capital can be added or enhanced within a community and how the capital can be made less vulnerable to shocks. However, while SLA has an undoubted logic, in practice it is very complex and time consuming and can lead to a dangerous over-simplification (Toner, 2003) . Thus, the research reported here was only able to explore a few assets available to the farmers and their families and whether and how these were improved with the extra income from Bt cotton. The key question was whether there was evidence of farmers investing any additional income from Bt cotton into assets that would allow them to enhance cotton production further or diversify their livelihood base.
Research area
The research reported here took place in the Makhathini Flats, KwaZulu Natal. South Africa remains the only African country to grow GM crops commercially, with the first GM crops grown in 1997 in the form of insect-resistant cotton having the 'Bt' endotoxin gene (Wilkins et al., 2000) . Large commercial farmers began adopting Bt cotton in the 1997/1998 season followed by resource poor farmers in 1998/1999 in Makhathini Flats. The Bt cotton variety in Makhathini is NuCOTN 37-B with Bollgard TM developed by Delta Pineland. Farmers in Makhathini first grew Bt cotton in the 1998/1999 cotton season and adoption of Bt cotton in the region has been rapid. By 2002, an estimated 92% of the smallholder cotton growers in Makhathini had adopted the Bt variety and this had increased to nearly 100% by 2004/05. Kwa Zulu Natal is one of the poorest areas of South Africa (Mtshali, 2002) , and agriculture is by far the most important source of income in Makhathini. Rural households cultivate small plots of land (typically of 1-3 ha) allocated to them by tribal chiefs. The major crops grown are beans, maize and cotton. Cotton is a very useful cash crop and usually occupies most of the farm area. There are potentially 5,000 smallholder farmers in the area of which around 1,400 grow cotton in any one year, but recently that number has fallen to around 700 farmers. The reasons for this are discussed below. Around 60% of farmers are women as a result of men migrating to urban areas for work.
One important facet of the cotton production system in Makhathini is the limited diversity of options available to farmers in terms of input supply and marketing. Up to 2002 all cotton producers in Makhathini had no choice but to use Vunisa Cotton (a private, commercial company) for inputs for growing cotton such as seed and pesticides and, importantly, credit to pay for these inputs. Vunisa also purchased the cotton from producers, deducting the credit owed before paying farmers the money for their output. There were no other cotton supply or cotton marketing companies in the area up to 2002. Vunisa therefore acted as both a monopolist supplier of seed and pesticide and a monopsonist purchaser of cotton in the Makhathini area. However, it can also be argued that without the provision of credit by the Landbank, channelled to farmers by Vunisa, and the provision of information and guidelines, the poor and often uneducated farmers would not have been able to grow cotton (GM or non-GM) at all and their options would have been limited even further. Nonetheless, given the presence of Vunisa and its facilities it is not difficult to see that it is the combination of a technology that eases a significant production constraint and a scheme that enables them to access this technology that has resulted in such rapid adoption.
The arrival of a new cotton ginnery, NSK, with a capacity of ginning 10 times more cotton than what is actually produced by farmers, in the area in 2002 forced Vunisa out of the region. There was simply not enough production to sustain the two companies., but unlike Vunisa, NSK does not provide credit and thus only the wealthier and more efficient farmers could continue to grow cotton. This is the main reason for the decline in the number of cotton growers in Makhathini over more recent years and would have occurred irrespective of the widespread adoption of Bt cotton. It should be noted here, of course, that Bt cotton seed is more expensive than non-Bt seed. The price of Bt cotton seed stood at SAR1300 per 25 kg bag in 2005 as opposed to SAR 464 per 25 kg in 2002. Since 2003, farmers have changed cotton farming practices where they grow 5 kg of cotton seed per hectare without thinning as opposed to 25 kg with thinning of the crop after germination. However, as farmers still require credit for purchase of non-Bt cotton seed (even if it is cheaper than Bt) as well as all other required inputs (especially insecticide) then loss of credit availability would be expected to affect both Bt and non-Bt growers.
Smallholder cotton cultivation in the area is marked by relatively low yields. Irrigated cotton yields in China, for instance, are on average in excess of 3000 kg/ha, while smallholder dry land cotton yields in Makhathini seldom exceeded 600 kg/ha prior to the introduction of Bt technology. The lack of irrigation is a major constraining factor especially as there has been a drought since 2003. In addition, many of the input availability concerns that hinder African agriculture more generally are also prevalent in Makhathini flats. The cotton crop is regularly decimated by a range of pests, particularly bollworm, jassids and aphids. However, pesticide application is both costly and arduous. Apart from the costs of pesticide and difficulties in obtaining credit, the poorer farmers cannot afford the required knapsack sprayer. Water for spraying often has to be transported considerable distances and the smallholders spend the best part of a day to walk up to 10 kilometres for every hectare sprayed (Ismael, et. al., 2002) . In addition, hired labour is difficult to obtain in an agricultural economy characterised by steady male out-migration to towns.
Methodology
Given that livelihood change is a dynamic process, it was essential to measure the impact of Bt cotton on livelihoods over a period of time. Having assessed the impact of Bt cotton in Makhathini Flats in South Africa since 1999 the researchers returned to that region to assess the impact of Bt cotton on livelihoods. Farmers from Hlokoloko farming association were selected because the researchers carried out an in-depth case study on farmers from the association in 2001. Also it was the only farming association where essential background information on producers (such as their dwellings, cotton varieties, gender, area planted) was known because its chairperson kept records of the cotton producers. The chairperson of Hlokoloko (who is also the chairperson of Ubongwa farming association) was fluent in English and hence communication and interaction between researcher, translator, and chairperson was easier. His authority as a chairperson encouraged many producers to participate in the case studies. Hlokoloko lies at the centre of Makhathini Flats and covers an area of 25 km² comprising 347 members (the third largest association in the region).
The survey was carried out from October 2005 to January 2006 and a total of 100 farmers were interviewed in their household compounds. Selection was structured on the basis of ensuring a representative sample of male and female household heads, and random within those categories. Sampling was based upon the list of members supplied by the Chairman. The aim was to provide a sample representative of the diversity within Hlokoloko based on household head gender as this had been shown to be an important issue in previous studies (Bennett et al. 2003 (Bennett et al. , 2006 Ismael et al. 2002a Ismael et al. , 2002b . Farmers were interviewed using semi-structured questionnaires. The essence of the questionnaire was to gain an understanding of what had changed in the region since the introduction of Bt cotton, farmer's perceptions (positive and negative) of Bt cotton, how any income or time benefits were used and other economic data to quantify costs and benefits of Bt adoption. A number of questions were added for the purpose of checking responses to key questions. The questionnaire focused on two cotton seasons; 2003/2004 and 2004/2005 . Given the high adoption rate of Bt cotton, it was only feasible to interview Bt cotton farmers.
Results

Respondents
Descriptive statistics for the 100 respondents are provided as Table 1 . Of the 100 farmers interviewed, 37% were male and 63% female, and given the structured mode of the sampling this is in line with the gender proportion in the area of approximately 40% male and 60% female. The average age of respondents was 47.6 years. Each household had an average of 8.6 members, of which 2.5 were males and 2.7 were females and the rest were children. Each household had 1.6 full-time and 2.3 part-time farmers, with a mean of 9.8 years of general farming experience and 7.2 years of cotton farming experience. The percentage breakdown in terms of education level is presented as Table 2 . The majority of respondents (60) were educated to at least primary level, while 25 classified themselves as 'illiterate' and a further 12 as 'literate without formal education'. Most of the respondents (69) had adopted Bt cotton prior to 2002 (Table 3) , and since they first adopted Bt cotton none of them has reverted back to non-Bt cotton with the exception of one farmer who cited that he could not afford the relatively more expensive Bt cotton seed.
Given that there has been a persistent drought in Makhathini for some years it is perhaps not surprising that 82 of the respondents cited drought as the main cotton farming constraint (Table 4 ) and a further 2 mentioned the 'weather'. Perhaps more surprising given the absence of credit provision since Vunisa had left is that only 7 respondents cited lack of finance as the main constraint. Other problems cited included crop diseases (4) and scarcity of labour (2). No respondent mentioned insect pests as a main problem, but in fairness this may be because their use of Bt cotton greatly reduces the impact of bollworm, the main cotton pest.
Impact of Bt cotton on livelihoods
Eighty eight of the respondents claimed to have benefited in terms of higher cotton income from growing Bt cotton (Table 5 ). This result is not surprising given previous studies in the area which had shown the enhanced gross margin from growing Bt. Both male and female respondents felt that increased income was the main benefit of growing Bt cotton. Other responses included 'less credit' (6), 'less risk' (3) and 'less labour' (2). The figures are not disaggregated here but from previous studies (Bennett et al., 2006 ) the enhanced gross margin comes from a combination of higher yield (the major component) and less labour costs rather than less expenditure on pesticide.
With regard to what the farmers did with this enhanced income (Table 6) , the largest number of responses (76) involved investment in their children's education. The next most popular category -'invest in cotton' (45) -involves using the extra income to produce more cotton or to lessen the need for credit. Other responses included 'increased savings' (8), 'purchase of cattle' (5), buildings and/or maintenance (2) and 'spend on themselves' (16). The latter category is somewhat vague and includes entertainment, electronic goods and clothes. Discounting this last category it is noticeable that all the other responses can be regarded as investment whereby respondents are using the money to improve their livelihood base or lessen debt.
The increased investment in education was of particular interest in this research. Table 7 . According to the school masters from Hlokoloko Primary School and Esiphondweni High School the increased ability of Bt adopting households to pay for school fees meant that children attended school more frequently. Hence between 2002 and 2005 percentage attendance had risen from 86% to 97% for Esiphondweni and 86% to 93% for Hlokoloko. However, the picture is not all positive. During the 2004 terms at Mboza Primary School the lowest attendance (90%) was observed in the 'July to September' period compared to 94% and 96% in other periods. According to the schoolmaster at the Mboza Primary School, the low attendance in July is as a result of children having to help in the harvest of cotton. As Bt cotton has higher yields then there is more to harvest. He noted that
"Bt cotton has caused a boom among farmers… pupils buy new uniforms from their cotton picking earnings and school fee payment is more regular and has improved dramatically…. In the past 2-3 years involvement in cotton picking has increased… cotton picking is a favourite for pupils because it is fun, they earn money and it is less drudgery…. Some, however, end up sacrificing their education for money, but generally the effects are positive….."
Interview with schoolmaster Hlokoloko 20/09/05
Interestingly there was evidence of a difference between male and female respondents in terms of what they used the extra income from Bt cotton for. The category where the response is most different is 'invest in other crops'. This suggests that males are more likely to use the additional income to invest in other crops besides cotton than are females. The main reason stated for this is to widen the livelihood base, while many female households do have income from remittances returned by male partners.
Labour saving was not regarded by the respondents as the most important benefit of growing Bt cotton but there were some savings nonetheless for adults through the reduction of insecticide usage. Fifty-four respondents mentioned that the reduced labour input from less pesticide spraying meant that they had more time to spend on other farming activities (Table 8) . Some respondents also mentioned increasing the time they spent on off-farm income generating activities (8). Thus 62 respondents said that they used the extra time to invest in livelihood. Sixteen respondents mentioned using the extra time for leisure or with the family.
In terms of impact on the asset base of the households the picture is a mixed one (Table 9a) . As a direct result of growing Bt cotton, 89 respondents claimed to have experienced an increase in their assets while none saw a reduction. 'Asset' here is defined in very general terms and will include increased investment in education. However, for physical assets (land, machines, buildings etc.) 53 respondents claimed an increase after growing Bt cotton while 46 said that there had been no change. Of those that did claim an increase, the assets that were most likely to increase were cultivable land and buildings. Cultivable land area had an average increase of 1.6 ha for those respondents who claimed an increase. Interestingly there is some evidence to suggest that women are more willing to invest in more cultivable land than are men (Table 9b ), but overall there is no apparent difference between the investment patterns of men and women in physical assets.
Who is benefiting from Bt cotton?
In previous research in Makhathini a major source of variation is due to seasonal differences, typically linked to rainfall. Table 10 In terms of gender, Table 11 is the breakdown of the results based on male and female-headed households. The pattern is similar for both seasons. Male-headed households tended to plant more cotton than female-headed ones; average of 3.4 and 2.6 ha respectively in 2003/04 and 3.4 ha and 2.7 ha in 2004/05. But male headed households also used less insecticide (and labour to spray it) on a per hectare basis. The lower insecticide use amongst male headed households is clearly linked to the greater area -a process of extensification. However, in terms of gross margin per hectare there is no significant difference between male and female headed households.
In terms of cotton area (Table 12) , a proxy indicator of relative wealth of households, there are no indications in either season that larger farms do 'better' in terms of gross margins from Bt cotton. Broadly as cotton area increases then both the quantity and cost of insecticide on a per ha basis declines. However, there is some suggestion that seed rate is greater for the larger farms. In terms of final gross margin per hectare there is no consistent trend across cotton areas.
Discussion
The results of the survey provide some interesting points for discussion. Firstly, the economic advantage of Bt cotton was reaffirmed by this group of 100 household heads. Given previous research in this part of South Africa this was not a surprising finding (Bennett et al., 2006) . Even one of the most critical studies of the impact of Bt cotton in Makhathini which was based on a limited sample size (10 farmers growing Bt and 10 growing non-Bt) still pointed to a marginal economic benefit from growing Bt cotton (Hofs et al., 2006) . Again in line with evidence from previous studies there is no suggestion that, on a per hectare basis, male-headed households do better than female-headed ones or indeed that households with larger farms do better than those with smaller farms (Bennett et al., 2006) .
The results from the study suggest that farmers are using additional income from growing Bt for a range of uses, but top of the list is clearly investment in their children's education. This is followed by increased investment in cotton, other crops and the repayment of debt. There is less emphasis on investment in physical assets but there is evidence that farmers are investing in more land and structures such as houses. In general the picture is one of farmer households reinvesting the additional income to improve their lot. There is no evidence to suggest that farmers are disposing of the additional income in less productive pursuits. An increased investment in education can only be seen as a positive development in Makhathini, and is born out by data from schools which show a trend of increased attendance. However, on the more negative side there is some circumstantial evidence that higher yields from Bt cotton do mean that children are kept out of school more often during July to September (the harvest period).
In terms of diversifying livelihoods away from a reliance on cotton there is evidence from the farmers included in the study that male headed households in particular are investing in non-cotton crops. Female headed households appear to focus more on cotton in terms of investment, but this group will have access to remittance income from partners working away from Makhathini. A reliance on income from cotton, Bt or non-Bt, is something of a feature of Makhathini and has been the source of tension between farmers and the companies (first Vunisa and now NSK) buying the produce. In effect the companies have a monopoly and farmers relying on cotton have little choice. This was the case before the introduction of Bt cotton and has continued. Diversification of crops in Makhathini is a logical move, and ironically the additional income from Bt cotton actually enhances the ability of farmers to adopt this strategy.
Is the livelihood impact of Bt cotton any different from the impact of any other technology that would enhance agricultural income? There was no evidence to suggest a qualitative difference and the same benefits would have presumably accrued if a new 'conventionally bred' variety of cotton had been introduced with resistance to bollworm. The Bt gene reduces the need for insecticide but any resistance to bollworm would have done the same. Frankly whether the resistance has come from a bacterial source or conventional breeding utilising cotton germplasm would not be an immediate issue for these farmers. What is readily apparent to the farmer is the gains from growing the new cotton. There is also no evidence to suggest that the Bt-based resistance is any more durable and hence sustainable than resistance bred through conventional means. Plant resistance to insect pests can break down if the selection pressure is strong enough, but to date despite more than 500,000 squares miles of Btengineered crops worldwide there has yet to be a breakdown of Bt-based resistance with the one exception of the diamondback moth (Plutella xylostella). Why this should be so remains something of a mystery (Biello, 2006) .
Conclusion
The research results presented here have shown continued uptake of Bt cotton (as opposed to conventional cotton varieties) in Makhathini Flats in South Africa at close to 100% adoption. The research has also confirmed the continued benefits of adoption in terms of lower pesticide and spray labour inputs and greater profitability as measured by enterprise gross margin. Indeed, 88% of respondents said that higher income was the main benefit of growing Bt cotton for them In addition, the findings show that for many farmers these benefits have resulted in improved livelihoods by using the higher income primarily for children's education, repaying debt, further investment in growing cotton, growing other crops and expenditure on a range of other assets. Figures are the observed counts with expected counts in parentheses. Chi-square = 9.11 df = 4 P = 0.059 Table 7 . Percentage attendance at two schools in Makhathini. Year Female Male  Mean  Female Male  Mean  2002  89  86  88  87  85  86  2003  90  88  89  94  91  93  2004  96  97  97  96  90  93  2005  98  97  97  96  93  95 Table 8 . Purpose for which labour saved from not spraying was used. cultivable land  2  34  2  61  ns  House  6  30  15  48  ns  Cattle  2  34  6  57  ns  Chickens  2  34  3  60  ns  Goats  2  34  6  57  ns  Shed  1  35  6  57  ns  Sprayer  2  34  8  55  ns  Bicycle  0  36  0  63 Figures are the number of respondents saying 'increase' or 'no change' for the respective assets. For total cultivable land the expected counts based on a Chi-square test are provided in parentheses. 
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